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Executive Summary
This research project explores the possibility of using small area statistical techniques to generate for areas not covered by the American Housing Survey (AHS) information that would be useful in preparing for or responding to a disaster and that is available only in the AHS.
The study experienced difficulty in identifying variables that would be of obvious help in disasters situations. It looks at nine conditions that might be useful to measure:  the percent of households with needs-households that (a) are poor, (b) have an elderly householder or spouse, (c) are single-parent households, or (d) have a householder or spouse who is a recent immigrant  the proportion of occupied units with severe physical problems  the proportion of occupied units with either severe or moderate physical problems  the proportion of occupied units that have severe physical problems and are occupied by households with needs  the proportion of occupied units that have severe or moderate physical problems and are occupied by households with needs  the proportion of occupied units built prior to 1940 and are occupied by households in need  the proportion of occupied units that are mobile homes and are occupied by households in need  the proportion of owner-occupied units with homeowners' insurance  the proportion of renter-occupied units with renters' insurance.
The research chose to use fractional logit to estimate these conditions using variables measured for all metropolitan areas by the annual American Community Survey (ACS). Three types of independent variables were used: ACS approximations of the AHS-measured conditions, covariates to distinguish among metropolitan areas on non-housing factors, and covariates related to local housing markets and economic conditions.
The results are only mildly encouraging. Of the nine equations estimated, only two were statistically meaningful using the Chi-squared test. However, the R 2 s for these two equations indicate that using the predicted values may be a worthwhile improvement over assuming that all metropolitan areas have the same values, that is, using the sample mean. Out-of-sample predictions using these two equations suggest that conditions may vary substantially across metropolitan areas.
Equations with better statistical properties might result from using household-level data rather than metropolitan-level data. This would involve using microdata from the AHS to estimate the equations and microdata from the ACS public use files to use the equations for predictive purposes.
vi The next major disaster may very well indicate what AHS information is crucial. Unfortunately, if such an event were to occur, there may not be time to carry out the desired microdata analysis. If so, the techniques explored in this paper might be a valuable second-best approach.
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Combining the American Housing Survey and the American Community Survey to Produce Information Useful in Public Emergency Situations: An Exploratory Analysis
In October 2008, Econometrica, Inc., and its partner, ICF International, entered into a contract with the Department of Housing and Urban Development (HUD) to support the American Housing Survey (AHS). Task C of that contract required the Econometrica team to use the information from the 2007 AHS surveys of seven metropolitan areas to produce information for those areas that might be useful to federal, state, or local agencies in preparing for or responding to natural disasters or other emergencies. For Task D, Econometrica suggested exploring the possibility of using small area statistical techniques to generate information available only in the AHS to areas not covered by the AHS. ICF International performed the analysis under Task C; Econometrica carried out the work under Task D.
This paper reports in six sections what was learned in Task D:
 Section I translates the Task D idea into research terms.  Section II looks for information available only in the AHS that might be useful in emergency situations.  Section III discusses relevant data issues and statistical issues.  Section IV identifies the covariates to be used in regression analysis to estimate AHS variables using American Community Survey information.  Section V reports the model results.  Section VI provides brief concluding observations.
I. The Analytical Framework
A simple concept underlies Task D:
At present, the American Community Survey (ACS) produces detailed information annually on people and housing for all geographical units with 20,000 or more persons.
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Beginning in late 2010, the ACS will provide the same information for all places and for census tracts and census blocks as well.
2 Federal, state, and local agencies preparing for or responding to natural disasters or other emergencies should find ACS information very valuable. The AHS contains more detailed information on housing units and the households living in those units than the ACS. This additional information might also be valuable to those dealing with emergencies. However, AHS data are generally not useful in emergency situations because AHS data are available only at the national or regional level. Task D explores whether statistical models using information from the ACS can produce satisfactory estimates of AHS variables for metropolitan areas for which AHS data are not available.
Small Area Estimation
"Small area estimation" is the term applied to a set of statistical methods that have been developed in recent years to solve problems such as the one posed in the preceding paragraph, namely, to produces estimates for "areas" or "domains" for which the sample sizes available in a "national" sample are too small for direct estimation. An example of small area estimation is the Bureau of Labor Statistics (BLS) Local Area Unemployment Statistics (LAUS) series that uses the national Current Population Survey to generate estimates of labor force participation, employment, and unemployment for small areas. Because of the considerable work that went into the creation and testing of the statistical models used in LAUS, the BLS is confident enough in their reliability to release LAUS estimates on a monthly basis for jurisdictions with populations as small as 10,000. The goal of this task is considerably more modest. HUD does not intend to publish any estimates from the models created in this task. The goal is simply to test the feasibility of developing techniques that could be applied quickly in an emergency situation to generate information useful to those responding to the emergency.
A variety of statistical tools are used to solve small area estimation problems. The author uses one of the most frequently employed techniques, regression analysis, but the regression equations used here are considerably simpler than the models used to create publishable small area statistics. Two reasons explain the choice of simpler models: the limited scope of the task and the objective of creating techniques that could be replicated quickly and simply, even with different dependent variables or different levels of geography.
Translating this concept into a framework suitable for statistical modeling involves answering the two questions discussed below.
National vs. Metropolitan AHS
Should the analysis be based on the national AHS or on metropolitan AHS surveys?
The AHS surveys 21 metropolitan areas on a once-every-six-year schedule. The public use files (PUFs) contain data at the household level with location identified down to "zones," which are units of geography containing no fewer than 100,000 people, created especially for the AHS. 3 It in the preceding 3 years and one based on data collected in the preceding 5 years. Places with populations less than 20,000 will have only one data set based on data collected in the preceding 5 years. 3 "Zones" are not available for the New York, Los Angeles, Chicago, Detroit, and Philadelphia metropolitan areas and for the group of metropolitan areas surveyed in the AHS as "Northern New Jersey." might be useful to project AHS-type information down to smaller levels of geography such as census tracts or blocks. The author chose not to pursue this option for two reasons. First, the author could not do this without access to information on the location of AHS sample units that the Census Bureau does not make available to the public. While it would be possible to petition the Census Bureau for access to this information, the process of obtaining the needed clearances seemed to be beyond the timeframe of this Task. Second, ACS data are not yet available at the census tract level. While the author could use 2000 decennial census data, this information would be 9 years old. For these reasons, the author chose to use the national AHS data.
Unit Data vs. Data Grouped by Metropolitan Area
Should the analysis use household-level data or metropolitan-level data?
The AHS publishes information at the national and regional levels. In addition, the Census Bureau makes all of the AHS data available in a public use file (PUF) that identifies 144 metropolitan areas. 4 The ACS publishes data for various levels of geography, including most metropolitan areas. The Census Bureau also releases a PUF for the ACS containing roughly a million cases at the level of Public Use Microdata Area (PUMA), which are units of geography containing no fewer than 100,000 people and created especially for the ACS.
The first option would involve using the AHS PUF data to model relationships at the housingunit level. Then one could apply the AHS models to PUMA geography using microdata from the ACS PUF. The second option would involve using the AHS PUF to group AHS data by metropolitan area, and then build models that use AHS information at the metropolitan level as dependent variables and ACS published information at the metropolitan level as independent variables. Then one could apply these models to other metropolitan areas and conceivably to lower levels of geography for which ACS published information could be used for independent variables.
The author chose the second option because it could be implemented quickly if an emergency arose. A model created using published ACS data could be applied swiftly to produce an estimate of AHS variables for any metropolitan area. As explained in the next section, there was little consensus about what AHS variables would be most useful to those responding to an emergency situation. The simple models based on area-level data developed in this task could be easily replicated using different AHS variables as dependent variables. Finally, if the estimated models appear to be robust and if the exigency were great, one could even apply the model to lower levels of geography quickly using published ACS data.
II. Emergency-Relevant AHS Variables
While the ACS contains a considerable amount of useful information on housing, the AHS provides substantially more information on housing units, including detailed information on amenities, housing costs, and the condition of housing units. Despite all the extra information available in the AHS, the author found it difficult to identify information unique to the AHS that would obviously be useful in emergency situations. The author used the literature review produced for Task C, discussions with HUD analysts, previous work by the author on permanent losses, 6 examination of information produced in the past by 6 The Destruction of Housing Capital: A Preliminary Exploration into Demolitions and Disasters. This 2004 ICFEconometrica report was produced for HUD and can be found at http://www.huduser.org/datasets/ahs/ahsReports.html#1.
HUD using the AHS, and considerable introspection and still failed to find variables that would be unquestionably useful. As frequently happens, it is difficult to anticipate whether something might be useful in the abstract. In discussing this difficulty, David Chase noted that, in the early days of geocoding data, it was difficult to get policymakers and even analysts to specify what maps would be useful until the policymakers and analysts became familiar with what mapping could do.
The author selected two measures of deficient housing that are unique to the AHS:
 PCTSEVPROB: the proportion of occupied units with severe physical problems.
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Housing with severe physical problems may be more susceptible to damage or, if damaged, may be deemed unfit or not valuable enough to repair. However, analysis using data on individual units in The Destruction of Housing Capital did not find an association between units with severe physical problems and permanent losses through demolition or disasters.
 PCTSEVMODPROB: the proportion of occupied units with either severe or moderate physical problems.
Having either moderate or severe physical problems was related statistically to permanent losses through demolition or disasters in The Destruction of Housing Capital. Units with problems of these types may be more susceptible to damage or, if damaged, may be deemed unfit or not valuable enough to repair. In either case, provision for new housing must be made.
The cited research on permanent losses also found statistical relationships of varying strength at the individual unit level between permanent losses through demolition or disasters and the following AHS variables: The information on households with needs could be obtained from the ACS PUF, so the AHS is not a unique source. 9 The author used the AHS to identify households in need so that the author could create variables that link housing problems and household needs. However, the author decided to estimate this variable as well, because it might be useful to have an equation that estimated this percentage without having to use the ACS PUF.
The author linked being a household in need with specific housing features in the following four variables:
 PCTSEVPROBNEED: the proportion of occupied units that have severe physical problems and are occupied by households with needs.
 PCTSEVMODPROBNEED: the proportion of occupied units that have severe or moderate physical problems and are occupied by households with needs.
 PCTOLDHSNEED: the proportion of occupied units built prior to 1940 and are occupied by households in need.
 PCTMHNEED: the proportion of occupied units that are mobile homes and are occupied by households in need.
The author focuses on older housing units because of the relationship found in The Destruction of Housing Capital between the age of a unit and permanent losses through demolition or disaster. The author focuses on mobile homes because of their susceptibility to wind damage. Because the ACS contains information on both year built and type of structure, the author estimates only the intersection of these structural characteristics and household needs.
HUD suggested including a variable that identifies whether the household has homeowners' or renters' insurance. The percentage of owners with homeowners' insurance is substantially greater than the percentage of renters with renters' insurance. 10 Therefore, the author decided to estimate two variables:
9 Table B17017 in the published ACS data contains counts of households by all of these conditions except being a recent immigrant; the information on being elderly in Table B17017 refers to the householder only. Separately, the ACS also contains information on household members with disabilities. The AHS will have this information beginning in 2009. 10 Among the 118 metropolitan areas for which we calculate the percentages, 25 percent of renters had renters' insurance and 95 percent of homeowners had homeowners' insurance.
 PCTOWNINS: the proportion of owner-occupied units with homeowners' insurance.
 PCTRENTINS: the proportion of renter-occupied units with renters' insurance. Table 2 shows that, except for PCTSEVMODPROB and PCTSEVMODPROBNEED, the correlations between these seven AHS condition variables are relatively small.
III. Data Issues
The author confronted three data issues: how to reconcile the metropolitan areas reported in the AHS with those reported in the ACS, what to do about metropolitan areas where the AHS sample was small, and what statistical technique to use for the modeling.
Metropolitan Geography
The 2007 AHS PUF identifies 144 separate metropolitan areas using the variable SMSA and identifies an additional 3 geographical areas that are a combination of some of the 144 metropolitan areas. The ACS publishes 2007 data on 310 metropolitan areas. Matching the AHS metropolitan areas with those found in the ACS involves taking into account changing definitions of metropolitan areas and the availability of published ACS data. Appendix A provides a list of the 118 metropolitan areas used in this analysis. These are areas for which the author had both data from the 2007 national AHS and published data from the 2007 ACS.
For 103 of the 118 metropolitan areas, there was a one-to-one match between the areas identified in the AHS and those for which 2007 ACS data are published. There may, however, be differences in the boundaries of an AHS metropolitan area and the ACS metropolitan area with the same name. The author cannot correct for boundary differences.
The remaining 13 metropolitan areas involved fitting together multiple AHS metropolitan areas or using ACS combined metropolitan areas.
 In four cases, the author had to use combined statistical areas when obtaining the published ACS data. o The AHS reports Johnson City-Kingsport-Bristol, TN-VA as one metropolitan area; the ACS reports them as separate areas and also publishes data for the two areas combined. o The AHS reports Raleigh-Durham as one metropolitan area; the ACS reports them as separate areas and also publishes data for the two areas combined. o Both the AHS and ACS recognize Orlando and Daytona Beach as separate metropolitan areas, but the ACS only publishes data for Orlando and for the combination of the two metropolitan areas. o Both the AHS and ACS recognize Greenville, SC and Spartanburg, SC as separate metropolitan areas, but the ACS only publishes data for Greenville and for the combination of the two metropolitan areas.  The ACS New York City metropolitan area includes all of Long Island and most of northern New Jersey. The ACS definition encompasses seven metropolitan areas which the AHS identifies separately. In addition, the AHS separately identifies data that fall into one of the five northern New Jersey metropolitan areas without specifying which metropolitan area, and also data that fall into the New York City or Nassau-Suffolk metropolitan areas without identifying which area.
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 The ACS Chicago metropolitan area has boundaries that include five AHS metropolitan areas, including Gary, IN. In addition, the AHS separately identifies data that fall into one of four metropolitan areas included in the greater Chicago area, without specifying which metropolitan area.
 The ACS metropolitan area includes two or more AHS areas in the following nine cases: Boston (3), Bridgeport-Stamford (2), Dallas-Fort Worth (2), Los Angeles-Long Beach (2 -the second being Santa Ana), Miami-Ft. Lauderdale (3), Pittsburg (2), St. Louis (3), San Francisco-Oakland (2), and Seattle-Tacoma (2).
Appendix A lists all 118 ACS areas used in this analysis and the AHS metropolitan areas that are associated with them.
Small Sample Sizes
In the models developed in this research project, the author used AHS data only for constructing the dependent variables and used ACS data for all the independent variables. 12 For many of the metropolitan areas, the AHS sample sizes are small, and therefore estimates based on these samples will be imprecise and granular. For example, if there are only 20 AHS sample cases in a metropolitan area, then all percentages will be multiples of 5. Normally, imprecision in estimating the dependent variable does not introduce bias into the coefficient estimates, but bias may result here because the independent variables are percentages and most of the observed percentages are zero or close to zero. Small sample sizes result in vectors of values for the dependent variables that appear to contain too many zeros. Table 3 calls attention to the fact that, except for having homeowners' insurance, most of the AHS conditions occur infrequently; this is particularly true when a physical condition is combined with household need. A unit with a severe physical problem is a condition that occurred on average in only 1.6 percent of the units in the 118 metropolitan areas to be used in the regression for PCTSEVPROB.
13 A unit with a severe physical problem and also occupied by a household with one or more needs occurs in only 0.5 percent of the units in the 118 metropolitan areas to be used in the regression for PCTSEVPROBNEED. The coefficient of 11 The AHS data on northern New Jersey (SMSA=9993) include some cases in the Trenton metropolitan area. The author elected to treat Trenton as a separate metropolitan area and to ignore the erroneous inclusion in the New York metropolitan area of any SMSA= 9993 cases that are in the Trenton metropolitan area. 12 AHS data were used for REGION for convenience; the AHS is not a necessary source for that information. 13 The means reported in the table are unweighted means of the percentages observed in the different metropolitan areas. variation and the range statistics indicate that, despite the low percentages, there is substantial variation in these conditions across metropolitan areas except for having homeowners' insurance.
14 The author used the ordinary least squares (OLS) technique for the initial regression analysis; he eliminated some metropolitan areas from these regressions if it appeared that a zero-value for the dependent variable were the likely result of small samples. 15 The models reported in this paper were estimated using fractional logit. The author chose not to eliminate metropolitan areas from the fractional logit analysis because he considered that technique less affected by false-zeros.
Choice of Statistical Technique
Linking the AHS and the ACS should be thought of as a statistical, rather than an econometric, problem. The national AHS can produce a mean value for each of the seven AHS-based condition variables identified in Section II, and users could apply this mean value to all metropolitan areas in the United States as a first approximation. The statistical problems are (1) to find covariates to include in a model that would produce better results (smaller variance) than using the mean value for all metropolitan areas, and (2) to choose an appropriate technique to estimate the relationship between the dependent and independent variables. Section IV deals with the selection of covariates.
As noted in the discussion of small sample sizes, the author chose ordinary least squares for the initial analysis. The results were reported in the draft report of August 2009. While the Fstatistics and the R 2 s were favorable for eight of the nine regressions, the OLS technique has certain limitations that render it inappropriate for this purpose. 16 The two most serious limitations are:
 OLS equations can produce predictions of less than 0 percent or more than 100 percent for specific metropolitan areas. While the estimated OLS equations did not result in predictions outside of the 0-100 range for the 118 areas used to estimate the equations, there was no guarantee that inadmissible predictions would not result if the equations were used to make predictions for other metropolitan areas.
14 The coefficient of variation is the ratio of the standard deviation to the mean, and the range is the difference between the maximum and minimum values. 15 For each variable, the author estimated the ratio of the number of units in all 118 metropolitan areas with the specified characteristic to the number of occupied units in all metropolitan areas. The author then estimated the number of sample cases required to produce a probability equal to or less than 50 percent that no cases with the required characteristic would be obtained if the actual probability were equal to the computed ratio. If r is the ratio and n is the number of sample cases, the author found the minimum n that satisfied the following equation: 0.5 > (1-r) n . Then, for the model involving that dependent variable, the author eliminated all metropolitan areas where the observed percentage was 0 percent and the sample size was less than n. The rationale for using this procedure is that data from a metropolitan area should be used only if there is at least a 50-percent chance of finding the specified condition in the metropolitan area. 16 The F-test statistic determines whether the set of independent variables contributes statistically to the prediction of the dependent variable, and the R 2 statistic measures the extent to which the regressions provide better predictions of the independent variables than the mean calculated over the areas included in the model.
 The large variation in sample sizes across the 118 metropolitan areas insured that errors in measuring a particular dependent variable would vary substantially across the metropolitan areas. This leads to a statistical problem called heteroskedasticity that produces inefficient, albeit unbiased, estimates. 17 An estimate is considered inefficient if it results in larger-than-necessary prediction errors.
At the suggestion of Dr. Lee, we chose to use fractional logit, a technique designed to estimate proportions.
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IV. Covariates for Modeling
The author included three types of covariates in models tested in Section V: ACS approximations of the AHS condition, covariates to distinguish among metropolitan areas on non-housing factors, and covariates related to local housing markets and economic conditions.
ACS Approximations of the AHS Condition
For most of the nine conditions described in Section II, approximations can be created using published ACS data. The starting point for each model is the ACS approximation. The bracketed numbers beginning with "B" are the ACS table numbers where information can be found. This variable created from the ACS does include units with many conditions that would be considered severe physical problems by the AHS. However, it will double count units that lack both complete kitchen facilities and complete plumbing facilities and will fail to count units with other physical deficiencies that the AHS considers severe.
The author will also use ACSPCTPROB as the best ACS approximation for PCTSEVMODPROB. 17 Dr. Lee pointed out that the OLS results were also inefficient because they failed to take into account the correlation among the error terms in the nine regressions. A statistical technique called seemingly unrelated regressions (SUR) could eliminate this source of inefficiency but the underlying inefficiency resulting from heteroskedasticity would remain. 18 "Econometric Methods for Fractional Response Variables with an Application to 401(k) Plan Participation Rates" (with J.M. Wooldridge), Journal of Applied Econometrics 11, 619-632, November-December 1996. 19 Those familiar with small area estimation will note that some of these ACS proxy variables are very similar to the small area estimates produced by "synthetic estimation." Synthetic estimation involves using known relationships among variables at a higher level of geography to estimate variables for small areas by applying those relationships to data available at the small level. There are no ACS approximations for PCTOWNINS and PCTRENTINS. Table 4 presents the correlations between the AHS condition variables and these ACS approximations. The ACS approximation to physical problems does not correlate well with either severe or severe plus moderate as measured in the AHS. The variables derived from the AHS and ACS using age of housing have a correlation of 0.75. 
Covariates to Distinguish among Metropolitan Areas on Non-Housing Factors
Regional differences:
Three dichotomous variables with SOUTH as the exclude region: 
V. Statistical Models
This section reports regression models that use the covariates from Section IV to estimate the nine AHS-based condition measures identified in Section II. Our evaluation of the model focuses on two statistics:
 A Chi-squared test which determines whether the set of independent variables contributes statistically to the prediction of the dependent variables, and  the R 2 statistic which measures the extent to which the regressions provide better predictions of the independent variables than the mean calculated over the areas included in the model.
In general, R 2 is not used to assess logit-type models; however, this statistic is appropriate in the context of this research project because the alternative to using a prediction from the fractional logit equation would be to use the mean of the dependent variable. After assessing these statistics, the author will examine the coefficients of the dependent variables primarily to determine whether there are any unwarranted relationships, but also out of curiosity. Table 5 presents the Chi-squared and the R 2 statistics for the nine models. In only two regressions is the relationship between the set of independent variables and the dependent variable considered statistically significant; these are the equations for the percentage of households in need (PCTNEEDHSLD) and the percentage of renters with insurance (PCTRENTINS). This is a very disappointing result. As noted earlier, eight of the nine OLS regressions were considered statistically significant. The added restriction that the predictions have to fall in the 0 to 100 range resulted in 6 of the 8 no longer being significant. R 2 measures how much improvement the predictions of an equation make compared to the use of the sample mean. The R 2 statistics indicate that using the predictions from the fractional logit equations would eliminate 25.8 percent of the error resulting from using the mean estimate for PCTNEEDSHLD and 33.9 percent of the error from using the mean estimate for PCTRENTINS. In other words, the mean estimate, across the 118 metropolitan areas, of the percentage of households with one or more types of need (PCTNEEDHSHLD) is 32 percent (0.324). R metropolitan area, or (2) the author could use the value derived from the equation for PCTNEEDHSHLD. The R 2 for PCTNEEDHSHLD (0.258) means that the squared error from option (2) is 25.8 percent less than the squared error from option (1). The equation for PCTNEEDHSHLD furnishes a somewhat better estimate than just choosing the mean. These reductions in errors apply only to estimates for the 118 areas over which the equations were estimated.
While the equations for households in units built before 1940 who are in need (PCTOLDHSNEED) and for households in mobile homes who are in need (PCTMHNEED) are not statistically significant, the estimates from these equations would eliminate 68.5 percent and 53.3 percent, respectively, of the error resulting from using the mean estimates of these variables. The R 2 s for five of the nine fractional logit equations are better than the R 2 s from the OLS regressions even though the OLS technique maximizes the R 2 , whereas the maximum likelihood techniques used in logit does not attempt to maximize R 2 . Table 6 contains the full regression models for the two statistically significant equations.
(Appendix C contains the full regression models for the other seven AHS condition variables. ) The author has shaded cells where the coefficient is statistically significant at the 10-percent level. There are only a few variables that are statistically significant even at the liberal 10-percent level. This is certainly the result of statistically significant relationships among the covariates. Appendix B displays a number of high one-on-one correlations, and the possibility exists that there are many high multiple correlations as well.
The lack of statistically significant parameter estimates is not a concern because, as noted at the beginning of Section IV, this is not an econometric analysis in which we are trying to uncover causal relationships among the variables. Our goal is more modest. We are looking for a set of covariates that as a group help predict the AHS condition measures. The Chi-squared and R 2 analyses in Table 5 are the essential tests for this objective.
The ACSPCTNEED variable was marginally significant in the equation for PCTNEEDHSHLD. PCTBLACK, UNITS2TO4, and the intercept were significant in this equation. LNPOP, OLDMETRO, VACRATE, and UNITS2TO4 were significant in the equation for PCTRENTINS. The PCTRENTINS equation did not have an equivalent ACS variable. Table 7 contains predicted values for PCTNEEDHSHLD and PCTRENTINS for 27 metropolitan areas-11 areas from the sample used to estimate the equations and 16 areas not in the sample.
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The predictions, as required by the logit specification, all fall in the 0 to 100 percent range. The predictions vary significantly from the mean value from the sample. For PCTNEEDHSHLD, the predictions range from 71.5 percent to 153.4 percent of the mean; for PCTRENTINS, the predictions range from 1.9 percent to 201.4 percent of the mean. In the sample, there was much greater variability in PCTNEEDHSHLD than in PCTRENTINS; the coefficients of variation were 0.28 and 0.64, respectively. Reliance on the equation rather than the mean would produce significantly different expectations for many of these metropolitan areas. 20 The program used to estimate the fractional logit regressions (STATA © ) does not provide confidence intervals for predictions for fractional logit. 
VI. Conclusions
As proposed, this research was exploratory. The results are only mildly encouraging. Of the nine equations estimated, only two were statistically meaningful using the Chi-squared test. However, the R 2 s for these two equations indicate that using the predicted values may be a worthwhile improvement over assuming that all metropolitan areas have the same values, that is, using the sample mean. Out-of-sample predictions using these two equations suggest that conditions may vary substantially across metropolitan areas.
Equations with better statistical properties might result from using household-level data rather than metropolitan-level data. This would involve using microdata from the AHS to estimate the equations and microdata from the ACS public use files to use the equations for predictive purposes. Microdata analysis would require substantially more effort and would be technically more difficult. For example, using individual observations within metropolitan areas would have called for random effects modeling. Nevertheless, if the AHS is a unique source of information important in preparing for or responding to disasters, the effort and difficulty in small area estimation might be well worthwhile.
"If" is the key question. This research encountered an unexpected difficulty in identifying information unique to the AHS that would be obviously useful. The next major disaster may very well indicate what AHS information is crucial. Unfortunately, if such an event were to occur, there may not be time to carry out the desired microdata analysis. If so, the techniques explored in this paper might be a valuable second-best approach. 
